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AMES LABORATORY ANALYTICAL PROCEDURES FOR DETERMINATION 
OF IMPURITIES IN CALCIUM METAL 
by 
Charles V. Banks. and Bernard D. LaMont 
ABSTRACT 
Analytical procedures for the determination of aluminum 1 
chromium 1 iron 1 manganese 1 nickel 1 nitrogen and silicon in 
c~lcium metal are discussed. 
INTRODUCTION 
3 
Calcium metal is used by the Ames Laboratory for the reduction 
of various metal fluorides to the metal. The purity of the calcium 
metal will i nfluence the physical properties of the metal produced. 
Impurities which are included herein are of particular interest 
to the Ames Laboratory. The following analytical procedures have 
been found to give satisfactory results. 
DETERMINATION OF ALUMINUM AND IRON 
1. Abstract 
A simple 1 rapid 1 and accurate method is described whereby 
~icro amounts of aluminum and iron can be determined in calcium 
metal. The iron is determined spectrophotometrically by measuring 
~he absorbance of the reddish-orange color of the tris(l 1 10-
phenanthroline)1ron(II) ion1 ~2H8N2)~F~+. This complex 
effectively removes the iron interference 1 and the aluminum is 
determined spectrophotometrically in the solution remaining from 
the iron determination by extracting it with chloroform solution of 
8-quinolinol and measurin~ the absorbance of the yellow color 
of the tris(8-quinolinolo)aluminum(III) in the chloroform solution. 
2. Apparatus and Reagents 
A. Apparatus 
Beckman Model DU Spectrophotometer 
Matched 1-cm Pyrex Cuvettes 
Beckman Model M pH Meter 
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B. Reagents 
Buffer Solution~ An acetic acid-ammonium acetate buffer 
solution is prepared by dissolving 200 go of ammonium acetate 
and 100 ml. of glacial acetic acid in enough distilled water to 
make one liter of solutiono This solution is purified by three 
extractions with 100-ml. portions of the 1% solution of 8-quinolinol 
in chloroform~ followed by washing with 100-mlo portions of 
chloroform until all 8-quinolinol has been removedo 
Hydroxylammonium Chloride Solutiono A 10% solution is pre-
pared by dissolving reagent-grade hydroxylammonium chloride in 
distilled water. 
1 2 10-Phenanthroline Solution. A 0.1% solution is prepared by 
dissolving reagent-grade 1»10-phenanthroline monohydrate in distilled 
water. 
8-Quinolinol Solutiono C.P.-grade chloroform is purified by 
washing the chloroform with an equal volume of an aqueous solution 
which is 2 M in both ammonium hydroxide and ammonium chloride. 
The chloroform is then washed with water and distilled o Two per 
cent» by volume» of absolute ethanol is added to retard photochemical 
decomposition of the chloroform. A 1% solution of 8-quinolinol in 
chloroform is prepared by dissolving the proper amount of reagent-
grade 8-quinolinol in purified cploroform. 
Standard Aluminum Solutiono A stock solution of aluminum is 
prepared by dissolving one gram of very pure aluminum metal in 75 
ml. of concentrated reagent-grade sulfuric acid and diluting to one 
liter with distilled watero A standard solution is prepared from 
the stock solution so that there are 10 ~go of aluminum per mlo 
of solution by diluting 10 mlo of the stock solution to one litero 
Standard Iron Solutiono A standard iron solution is prepared 
by dissolving 0.020 go of pure electrolytic iron in 5 ml. of con-
centrated reagent-grade hydrochloric acid and diluting to one liter 
with distilled water. 
3. Procedure 
A. Preparation of Standard. Curves 
A standard curve for iron is obtained by preparing solutions 
containing varying amounts of iron from 20 to 200 ~g. by measuring 
appropriate volumes of the standard solution into 100-ml. volumetric 
flasks. To these solutions 30 ml. of the buffer solution» 1 ml. of 
the hydroxylammonium chloride solutioni and 20 ml. of the 
1»10-phenanthroline solution are added. The pH is adjusted to 59 
and the solution diluted to volume. After 30 minutes» the iron 
concentration is determined by measuring the absorbance of the 
reddish-orange color of the tris(l»lO-phenanthroline)iron(II) ion 
with the spectrophotometer at a wavelength of 515 m~. T~e plot 
. ' 
ISC~584 
of absorbance against concentration conformed to Beer's law over 
the concentration range of 20 to 200 ~go of iron per 100 mlo 
\ 
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The standard curve for aluminum is obtained by preparing 
solutions containing varying amounts of aluminum from 20 to 120~g. 
by measuring appropriate volumes of the standard solution into 
100-ml. volumetric flaskso To these solQtions 30 mlo of the buffer 
solution, 1 mlo of the hydroxylammonium chloride solution, and 20 
ml. of the 1,10-phenanthroline solution are added. The pH is 
adjusted to 5, and the solution is diluted to volumeo A blank 
solution of the reagents is prepared in a similar manner. Fifty-ml. 
aliquots of each aluminum solution and the blank solution are 
transferred to 250-ml o pear-shaped separatory funnels equipped 
with Teflon stopcockso It was found that stopcock lubricant, 
soluble in chloroform, absorbed in this region and caused erratic 
results. Exactly 25 ml . of the 8-quinolinol in chloroform solution 
are added . The contents are shaken for a five minute period, the 
excess pressure being released several timeso The two layers are 
allowed to separate, and the chloroform layer is transferred to a 
25-mlo glass-stoppered Erlenmeyer flask containing 2o5 go of anhydrous 
sodium sulfate. After drying for one hour, the absorbance of the 
yellow color of the tris (8-quinolinolo)aluminum(III) in the chloro-
form solution is measured spectrophotometrically at a wavelength 
of 395 m~ using the dried chlor~for.m-8-quinolinol extract of the 
reagent blank as the reference solution~ The plot of the absorbance 
against concentration conformed to Beer's law over the concentration 
range of 10 to 60 ~g. of aluminum per 50 ml. 
The recommended procedure was found to give satisfactory results 
on synthetic samples containing known amounts of aluminum, iron, 
and calcium. Other cations tested were Cr(III), Mn(II), and Mg(II) 
and these were found not to interfereo 
B. Recommended Procedure 
About 1 go of calcium metal is weighed into a covered 100-mlo 
beaker. Ten milliliters of distilled water are added cautiously 
by means of a syringe until all of the metal has reacted with the 
water and the resulting calcium hydroxide is quite dampo About 
6 ml. of concentrated nitric acid are added and the mixture is 
warmed to effect complete dissolution of the sample. To this 
solution are added 30 ml. of the buffer solution, 1 ml. of hydroxyl-
ammonium chloride solution, and 20 mlo of the 1,10-phenanthroline 
solution. The pH is adjusted to 5, and the solution finally 
diluted to a convenient volume (e.g., 100 ml.). The blank contains 
the reagents in the same amounts. After about 30 minutes, the 
iron concentration is determined by measuring the absorbance of the 
reddish-orange color of the tris(l,lO-phenanthroline)iron(II) ion 
with the spectrophotometer at a wavelength of 515 m~. 
The aluminum concentration is determined by pipeting a convenient 
aliquot (e.g., 50 ml.) of the solution used for the iron determination 
into a 250-ml. pear-shaped separatory funnel equipped with Teflon 
stopcocks. Exactly 25 ml. of the 8-quinolinol in chloroform solution 
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are added. The contents are shaken for a five-minute period» the 
excess pressure being released several times. The two layers are 
allowed to separate» and the chloroform layer is transferred to a 
25-ml. glass-stoppered Erlenmeyer flask containing 2.5 g. of 
anhydrous sodium sulfate. After drying for one hour, the absorbance 
of the yellow color of the tris(8-quinolinolo)aluminum(III) in the 
chloroform solution is measured spectrophotometrically at a 
wavelength of 395 m~ using the dried chloroform-8-quinolinol 
extract of the reagent blank solution as the reference solution. 
4. Calculations 
ppm of Fe = 
(Final Dilution) 
~g. of Fe/100 ml.) ( ) Aliquot taken 
Wt. of sample, g. 
(Final Dilution) 
(~g. of Al/50 ml.) (Aliquot taken) 
ppm of Al = 
Wt . of sample 6 g. 
5 & Reference 
Wilbur Sprain and Charles V. Banks, "Spectrophotometric 
Determination of Aluminum and Iron in Calcium," Anal. 
Chim . Acta, 6, 363-367 (1952). --
DETERMINATION OF CHROMIUM 
1. Abstract 
Small amounts of chromium in calcium metal can be determined 
by a polarographic method. The diffusion current of the first 
chromium wave, occurring at -1.0 volt vs. the saturated calomel 
electrode in 1 M calc ium chloride, was found to be directly pro-
portional to the concentration. 
2. Apparatus and Reagents 
A. Apparatus 
Sargent Model XXI Recording Polarograph 
H-type Cells 
Saturated Calomel Half-cell 
Saturated Potassium Chloride Agar Bridge 
Beckman Model M pH Meter 
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B. Reagents 
Ammonium Hydroxide. Reagent-grade 
Hydrochloric Acid. Reagent-grade 
Sulfanilic Acid. C.P.-grade 
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Sodium Sulfite Solution. A 0.1 M solution was prepared from 
reagent-grade sodium sulfite. A 0.01-M standard solution was 
prepared for use. 
Calcium Chloride Solution. Many lots of calcium chloride 
contain small amounts of chromium which are extremely difficult 
to remove. Very pure anhydrous calcium chloride which gives no 
chromium wave when run polarographically at the highest sensitivity 
should be used. A 2 M stock solution is prepared. 
Chromium(III) Chloride Solution. A 0.01 M stock solution is 
prepared. The solution is standardized by fuming with sulfuric 
acid$ oxidizing to chromium(VI) with excess ammonium peroxydisulfate 
and a small amount of silver nitrate, adding an excess of ferrous 
sulfate and back~itrating with eerie sulfate. The solution was 
diluted to 0.001 M for use. 
3. Procedure 
A. Preparation of Standard Curve 
Aliquots of the chromium(III) solution containing 10, 50, 100, 
150, and 200~g. of chromium are added to 50-ml. portions of 
the 2M calcium chloride solution. Sulfanilic acid (0.2 g.) is 
dissolved in each solution and the pH adjusted to 3.7 + 0.1. Each 
solution is diluted to 100 ml. in a volumetric flask and a 10 ml. 
aliquot is transferred to a polarqgraphic cell. Nitrogen is 
bubbled through each solution for about 35 minutes to remove the 
dissolved oxygen. A polarogram is run and the diffusion current 
is measured during the reduction of chromium which appears at 
-1.0 volt vs. s.c.E. The diffusion current (in~a) is plotted . 
against the concentration of chromium added (micrograms per 100 ml.). 
A straight line will result as the diffusion current is directly 
proportional to the chromium concentration. 
B. Determination of Chromium 
A 4.0- g. sample of calcium is treated (cautiously) with enough 
water to convert all the metal to the hydroxide which is then 
dissolved in a minimum amount of concentrated hydrochloric acid. 
The solution is diluted to 50~0 ml. and 0.2 g. of sulfanilic acid 
is added. When the sulfanilic acid has dissolved, the pH is 
adjusted to 3.7 + 0.1 with ammonium hydroxide, using a dilute 
solution (1~10) to make the final adjustment. The solution is 
diluted to 100 ml. in a volumetric flask. About 10 ml. of the 
solution are placed in a polarographic cell and flushed for 35 
minutes with nitrogen to remove dissolved oxygen. A polarogram 
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is run and the diffusion current is measured. The chromium 
content of the aliquot is aalculated from the standard curve~ 
In some calcium samples iron(III) is present to such an extent 
that it forms a troublesome precipitate. Sodium sulfite is 
satisfactory for the reduction of iron since small amounts of 
this reducing agent do not affect the chromium wave. 
4. Calculations 
(Final dilution) 
( 1-t-t g. of Cr /100 m 1. ) 
ppm of chromium = (Aliquot taken) 
Wt. of sample~ ge 
5. Reference 
Doris V. Stage and Charles Ve Banks~ "The Polarographic 
Determination of Small Amounts of Chromium in Calcium",~~ 
Anal. Chim. Acta~ 4~ 551-555 (1950). 
DETERMINATION OF MANGANESE IN CALCIUM METAL 
1 . Abstract 
Trace quantities of manganese in calcium metal are determined 
by oxidation to permanganate with potassium meta periodate. The 
absorbance of the permanganate ion is measured with the Beckman 
Model DU Spectrophotometer at a wavelength of 545 m~ vs. distilled 
water as a reference blank. 
2. Apparatus and Reagents 
A. Apparatus 
Beckman Model DU Spectrophotometer 
Matched Pyrex Cuvettes. 1- and 5-cm. 
Hytodermic Syringe. 50 ml. with chrome-steel needle (point 
of need e should be ground off to prevent accidental injury to 
the user). 
B. Reagents 
Nitric Acid. Concentrated, Reagent Grade 
Potassium Meta Periodate. Reagent Grade 
Standard Manganese Solution. A manganese solution containing 
lOO~g. per ml. is prepared by dissolving 100 mg. of pure 
electrolytic manganese metal in dilute nitric acid, and diluting 
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to one liter with distilled water. This solution will be stable 
indefinitely if it is acidic. To prepare a solution for pre-
paration of a standard curve~ a 100-ml. aliquot of the stock 
solution is diluted to one liter. This solution contains lO~g. 
of Mn per ml. 
3. Procedure 
A. Preparation of a Standard Curve 
Aliquots of the manganese solution containing 2 to 500~g. 
of manganese are transferred to 250-ml. beakers. Add about 15 ml. 
of concentrated reagent-grade nitric . acid and dilute to about 40 ml. 
Heat the solutions on a hot plate and add a few milligrams of 
potassium meta periodate. Heat for 10-15 minutes after the 
appearance of the permanganate color~ cool to room temperatureg 
and dilute to 50 ml. Determine the absorbance of the permanganate 
ion at a wavelength of 545 m~ vs. a distilled water blank. The 
absorbances of the more dilute solutions should be measured with 
5-cm. cuvettes. The more concentrated solutions should be measured 
in 1-cm. cuvettes. The concentration of manganese vs. absorbance 
should be plotted. This curve is used to determine the amount of 
manganese in an unknown sample. 
B. Recommended Procedure 
Weigh 10 g. of calcium metal on a triple beam balance~ place 
in a 400-ml. beaker» and cover with a Speedyvap cover glass. Place 
the beaker in a hood and using a hypodermic syringe add distilled 
water cautiously to the metal until all of the metal has reacted 
with the water and the calcium hydroxide is quite damp (about 50-60 
ml. is adequate). Slowly add 40 ml. of concentrated nitric acid 
to the white slurry and warm on the . hot plate to effect complete 
dissolution of the sample. Transfer the solution to a 100-ml. 
volumetric flask and dilute to volume with distilled water. Transfer 
a 10-ml. aliquot containing the equivalent of 1.0 g. of calcium 
metal to a 250-ml. beaker and cover the beaker with a Speedyvap 
cover glass. Add about 25 ml. of distilled water and 10 ml. of 
concentrated nitric acid. Place the solution on the hot plate 
and add a few milligrams of potassium meta periodiate to the solu-
tion. About half of a micro-spatula of the oxidant is more than 
adequate and an excessive amount of the expensive reagent is 
neither required nor advisable. Heat the solution until the purple 
color of permanganate ion is observedg then continue the heating 
for about another 10-15 minutes. Allow the solution to cool to 
room temperature and transfer to a 50-ml. volumetric flask. Dilute 
to volume and determine the absorbance of the solution with 
Beckman Model DU spectrophotometer at a wavelength of 545 m~versus 
distilled water as a reference blank. 
4. Calculations 
ppm of Mn = 
(Final dilution) 
(~g. of Mn/50 ml.) (Aliquot taken) 
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5. References 
WillardD H. H. and Greathouse, Lo H., J. Amo Chern. Soc., 
39.11 2366 (1917)o 
Mehlig, J. P.D Ind. Eng. Chern., Anal. Ed • .il 11 1 274-7 (1939). 
DETERMINATION OF NICKEL 
1. Abstract 
Trace quantities of nickel in calcium metal are determined 
spectrophotometrically as the nickel(II) nioxime complex in an 
ammonium citrate solution using gum arabic as a stabilizing agent. 
2. Apparatus and Reagents 
A. Apparatus 
Beckman Model DU Spectrophotometer 
Five-centimeter 'Cor~ic~;_ · 'b~ By:velctl- Ouvettes 
B. Reagents 
1,2-Cyclohexanedionedioxime (Nioxime). Prepare a 0.8% solution 
by dissolving 0.8 g. of nioxime in 100 ml..af distilled water. 
Gum Arabic Solution. Prepare a 10% aqueous solution by grind-
ing 10 g. of the gum to a white powder with a small volume of 
distilled water and diluting to 100 ml. with stirring. The solution 
should be filtered occasionally to remove any sediment. 
Diammonium Citrate Solution. Prepare a 20% aqueous solution by 
dissolving 200 g. of reagent-grade diammonium citrate in distilled 
water and diluting to one liter. 
Standard Nickel Solutiono A stock solution of nickel containing 
100 ~g. of nickel per ml. is prepared by dissolving 100 mg. of 
Mond nickel in aqua regia and diluting to one liter with distilled 
water. For the preparation of a standard curve a 50-ml. aliquot 
of the stock solution is diluted to 500 ml. with distilled water 
to give a solution containing lO~g. of nickel per ml. of solu-
tion. 
Purified Calcium Chloride Solutiono A 55% aqueous solution 
of calcium chloride is prepared by dissolving 110 g. of reagent-
grade anhydrous calcium chloride in distilled water and diluting 
to 200 ml. To remove traces of iron and nickel from the solution 
add twice the theoretical amount of nioxime required to react 
with the estimated iron and nickel contaminants and heat the 
solution to almost boiling. To the hot solution add. activated 
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charcoal (about 1 go for each 500 mlo of solution) that has been 
previously washed well with hot 0.2% nioxime solutiono Digest 
the mixture for about ten minutes and remove the charcoal from 
the solution by filtrationo The residual iron and nickel in the 
solution may be estimated by the addition of more nioxime and the 
determination of the impurities spectrophotometricallyo If 
desired the solution may be standardized for calcium gravimetrically. 
Ammonium Hydroxide. Concentrated~ Reagent grade. 
Hydrochloric Acido Concentrated» Reagent grade. 
3. Procedure 
A. Dissolution of the Sample 
Place· 50 ml. of distilled water in a 400-ml. beaker. Carefully 
add. a weighed sample of about 2.0 g. of small calcium particles. 
When the reaction is complete 9 add 5 ml. of concentrated hydro-
chloric acid and 1 ml. of concentrated nitric acid. Heat the 
solution on a hot plate to effect complete solution of the sample 
and to oxidize the iron to the ferric state. Cool the solution 
and add 2 ml. of the 20% diammonium citrate solution. Adjust 
the pH of the solution to 4-6 with ammonium hydroxides transfer 
to a 100-ml. volumetric flask and dilute to volume o 
Bo Development of Color and Estimation of Nickel 
Pipet 50 ml. of the sample solution to a 100-ml. volumetric 
flask 9 retaining the remainder of the solution for a blanko To 
each flask add 1 ml. of the 10% gum arabic solution and mix well. 
To the first aliquot add 1 ml. of the 0.8% nioxime solution 9 
dilute both solutions to volume and mix wello After an hours 
determine the absorbance of the colored aliquot with the Beckman 
Model DU spectrophotometer at 550 m~9 with a slit width of 0.2 
mm. using the blank solution as a referenceo 
Co Preparation of a Standard Curve 
Aliquots of the iron- and nickel-free calcium chloride solu-
tion containing the equivalent of 1.0 g. of calcium metal are 
transferred to 100-ml. volumetric flaskso Aliquots of the standard 
nickel solution corresponding to amounts from 0 to 150~g. of 
nickel (in 10-microgram increments) are added to the calcium 
chloride solutions 9 followed by 1 ml. of 20% diammonium citrate 
solution and 1 ml. of 10% gum arabic solution. To each sample 
is added 1 ml. of the 0.8% nioxime solution9 the pH of the solution 
is adjusted to 4-6 with ammonium hydroxide and the solutions are 
diluted to volume. A reference solution is prepared in the same 
fashion 9 omitting the nickel and nioxime solutions. After standing 
for at least one hour 9 the absorbances of the solutions are deter-
mined with the Beckman spectrophotometer. A plot of the absorbances 
vs. micrograms of nickel per milliliter should be made. This curve 
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is used to determine the concentration of nickel which corresponds 
to the absorbance of the unknown solution. 
D. Notes 
The color develops slowly, especially in low nickel concentra-
tion; therefore, it is necessary to wait at least an hour before 
determining the absorbance of the solution. The color remains 
quite stable for several days after mixing. 
Control of the pH is not critical, but it mu~t lie between 
3.5 and 6 . 5. 
Iron is the most serious interfering ion; its effect is 
minimized by using a portion of the solution as a reference and by 
the addition of citrate. Cobalt and copper also interfere but 
are not commonly encountered in the calcium metal. 
4. Calculations 
I 0 ) (Final dilution) (~g. of Ni 1 0 ml. 
(Aliquot taken) ppm of Ni 
W,t. of sample, g. 
5. Reference 
Raymond C. Ferguson and Charles V. Banks, "Spectrophotometric 
Determination of Nickel in Calcium Metal", Anal. Chern., 23, 
448 (1951). 
DETERMINATION OF NITROGEN 
1. Abstract 
Nitrogen in calcium metal is determined by the Kjeldahl 
method in which the nitrogen is distilled as ammonia, collected 
in a bor ic acid-mixed indicator solution, and titrated with 
standard hydrochloric acid. 
2. Apparatus and Reagents 
A. Apparatus 
The apparatus used for the determination of nitrogen is shown 
in Figure I. 
B. Reagents 
Sodium Hydroxide. A 35% solution i s prepared by dissolving 
35 g . of reagent-grade sodium hydroxide in 65 ml. of de-ionized 
water. If a larger quantity is desired the same proportions are 
used . 
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TRAP 
BALL a SOCKET JOINT 
STOP COCK-
BALL a SOCKET JOINT 
5/16" 
CONDENSER 
STEAM 
GENERATOR 
19/38 GROUND 
-GLASS 
SEALS 
DISTILLATION 
FLASK 
CONDENSER-
RECEIVER 
Figo lo Semi-micro Kjeldahl Apparatuso 
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Boric Acid-Mixed Indicator Solution. Dissolve 20 g. of 
reagent-grade crystalline boric acid In about 800 ml. of 
de-ionized water. Pipet 20 ml. of "methyl purple" indicator 
(Fleischer Chemical Company, Benjamin Franklin Station, Washington 4, 
D. C.) into the boric acid solution. Dilute the boric acid-
indicator solution to one liter and mix well. 
Hydrochloric Acid. Prepare a 0.01 N solution by diluting 
8.30 ml. of concentrated reagent-grade hydrochloric acid to one 
liter. A 100-ml. aliquot of this solution is diluted to one 
liter. The final solution is approximately 0.01 N which is then 
standardized with tris(hydroxymethyl)aminomethane-(3) by the 
following procedure. A sample of tris(hydroxymethyl)arninomethane 
weighing 0.250 g. is dissolved and diluted to 250 ml. with 
de-ionized water. A 50-ml. aliquot of the solution is titrated 
with the 0.01 N hydrochloric acid to a pH of 4.70. The pH of 
the equivalence point of tris(hydroxymethyl)aminomethane has been 
determined mathematically and graphically and was found to be 
4.70. The pH should be measured with a pH meter which is 
standardized with a pH 4 standard buffer. 
Calculations: 
Wt. of tris(hydroxymethyl)aminomethan~ g. 
N HCl = 
(ml. of acid) (0.6055) 
Tris(hydroxymethyl)aminomethane. Primary standard grade 
obtained from the G. Frederick Smith Chemical Company. 
3. Procedure 
A. Blank Determination 
The boiler is charged with water and the condenser cooling 
water is turned on. The electric heater under the boiler is turned 
on and allowed to heat until about 100-150 ml. of water is 
collected in the receiving flask. This "steaming out" operation 
is necessary to purge the system free of residual ammonia which 
may be present. A blank determination is run in the same manner 
except 50 ml. of the 35% sodium hydroxide solution is added to the 
distillation flask and 10 ml. of the boric acid-indicator solution 
is divided between the bubble trap and the receiver flask. The 
boiler is heated until about 50 ml. of distillate is collected. 
The electric heater is lowered from the boiler causing the solution 
in the trap to be "sucked back" into the receiver flask. The 
receiver flask and trap are washed down with de-ionized water. 
The solution in the receiver flask is titrated with 0.01 N hydro-
chloric acid to the gray end-p~nt. The volume of acid should be 
quite small (about 0.10 ml.) if the system is purged satisfactorily. 
This blank should be subtracted from the volume of acid required 
in the sample determination as it represents the residual nitrogen 
in the apparatus and reagents used. 
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B. Determination of Nitrogen 
The boiler is filled with water. About 100-150 ml. of 
de-ionized water is placed in the distillation flaski and 10 mlo 
of the boric acid-indicator solution is divided between the trap 
and the receiver flask. A l g. sample of calcium metal is 
weighed into the side arm attachment of the distillation flask 
and placed in the apparatus. The side arm is tapped gently so that 
the calcium metal particles slowly fall into the water and react. 
When all of the calcium metal has been dissolved» 50 ml. of the 
sodium hydroxide solution is added to the distillation flask» and 
the nitrogen steam distilled. When 50 ml. of distillate has 
been collected the heater under the boiler is lowered causing 
the solution in the trap to be "sucked back" into the receiving 
flask. The trap is washed with de-ionized water and the walls 
of the distillation flask are washed down. If the indicator 
solution in the trap has turned green it is quite probable that 
some ammonia has been lost and the determination should be dis-
carded. The distillate is titrated with the 0.01 N hydrochloric 
acid to the gray end-point. A micro-buret should be used for the 
titrations as the volume of hydrochloric acid required is quite 
small. 
4. Calculations 
(Ml. for sample- ml. for blank)(~ HCl)(l4 8 008) 
ppm of nitrogen = 
Wt. of sample» g. 
5. References 
l. Fisher» Ro W.» and Smith» L.» CC-726 (June» 1943) 
2. Fornefeld$ E.» Atomic Energy Commission Report No. 
CC-2710 (April lOa 1945). 
3. Fossum, J. H.» Markunas» P. C.» and Riddick» J. A.» 
AnaL Chern.» 23» 491 (1951). 
DETERMINATION OF SILICON IN CALCIUM METAL 
l. Abstract 
Silicon is determined spectrophotometrically in calcium metal 
as the hetropoly molybdenum blue complex. The absorbance 
of the complex is ~easured with a Beckman Model DU Spectrophotometer 
at a wavelength of 815 m~. 
2. Apparatus and Reagents 
A. Apparatus 
Beckman Model DU Spectrophotometer 
Matched 1- and 5-cm. Corex Cuvettes 
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Beckman Model H-2 pH Meter 
Polyethylene Beakers and Reagent Bottles 
B. Reagents 
Ammonium Hydroxideo A 20% (approximate) solution was prepared 
by bubbling ammonia through distilled water contained in a 
borosilicate glass bottle immersed in an ice batho The density 
of the final solution is less than 0.92. The solution is stored 
in polyethylene bottles. Commercial ammonium hydroxide contains 
considerable soluble silicon 9 thus necessitating the laboratory 
preparation. A glass container may be used for the above prepara-
tion» as tests indicated that only negligibly small quantities 
of silicon are introduced into the solutionso 
Molybdic Acido A 10% solution was prepared by dissolving 25 g. 
of ammonium molybdate 4-hydrate in about 200 ml. of distilled 
water. This solution is acidified by the addition of 20 ml. of 
concentrated hydrochloric acid. After cooling9 the solution is 
diluted to 250 ml. It is not necessary to store this solution in 
a plastic bottle. Previous experiments have shown that Baker 
and Adamson ammonium molybdate (crystal) has a much lower blank 
than did other reagent-grade products. 
Tartaric Acid. A 20% solution was prepared by dissolving 200 g. 
of reagent-grade tartaric acid in one liter of distilled water. A 
few crysta ls of thymol are added as a preservative. This solution 
need not to be stored in a plastic bottle. 
Reducing Solution. The reagent is prepared by dissolving 27 g. 
of sodium bisulfite 2 g. of sodium hydroxide and 0.5 g. of 
1-amino-2-naphthol-4-sulfonic acid (technical~ in distilled water 
and diluting to 250 mlo This solution is best stored in a trans-
lucent plastic bottle and may be rejuvenated by the addition of 
a second portion of the amino acid. The solution is stable for at 
least a montho 
Boric Ac id. A saturated solution is prepared. 
Zirconium-Fluoride Solution. Twenty-eight grams of zirconyl 
chloride 8-hydrate are dissolved in distilled water 9 the solution 
is filtered 9 and the volume adjusted to 384 ml. The solution is 
then transferred to a plastic bottle and 16 ml. of 48% hydrofluoric 
acid are added with mixing. 
Standard Silicon Solution. A stock silicon solution (1 mg. of 
silicon per ml.) is prepared by dissolving llo7 grams of sodium 
metasilicate in distilled water and diluting to one litero This 
solution is standardized by the usual gravimetric procedure employ-
ing perchloric acid dehydration. A standard silicon solution 
(10 ~g. per ml.) was prepared by dilution. Both of the above 
solutions are stored in polyethylene bottles. 
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3. Procedure 
A. Preparation of Standard Curve 
Aliquots of the standard silicon solution containing 10 to 
150~g. are added to solutions containing the equivalent of 1 g. 
of calcium. The color is developed by the recommended procedure 
and the absorbance measured vs. distilled water. A reagent 
blank should be prepared at the same time as the prepa~ation of the 
standard curve. The absorbance is plotted vs. the micrograms of 
silicon per 100 ml. 
B. Recommended Procedure 
One gram samples of calcium metal are cautiously treated with 
water until the resulting calcium hydroxide is quite damp. The 
precipitate is dissolved with dilute hydrochloric acid and 0.5 ml. 
of the zirconium-fluoride solution is added to convert the sample 
silicon into the reactive form. Forty milliliters of the saturated 
boric acid solution are added to the sample solution which is 
allowed to cool. Four milliliters of 10% molybdic acid reagent 
are added and the pH is adjusted to 1.2 to 1.3 6 using the special 
ammonia solution. After 8 to 12 minutes 8 4 ml. of 20% tartaric 
acid are added and the solution mixed. Immediately thereafter 6 
1 ml. of the reducing solution is added and the solution is mixed 
again. The solution is transferred to a 100-ml. volumetric flask 9 
mixed 9 and diluted to volume. After 20 minutes 9 the absorbance 
is determined at a wavelength of 815 m~ versus distilled water. 
4. Calculations 
(Final dilution) 
ppm of silicon 
(~g. of Si/100 ml.) ( ) 
= Aliquot taken 
Wt. of sample 9 g. 
5. Reference 
Anton B. Carlson and Charles V. Banks 9 w'Spectrophotometric 
Determination of Silicon"» Anal. Chem. 9 ~» 472 (1952) . 
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